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Abstract
Understanding the process of electron tunneling in chirality-induced single-
molecule junctions is imperative for the development of nanoscale switching and
artificial nanomotors. Based on the combined non-equilibrium Greens functions
formalism and the ground-state density functional theory, we present here the
charge transport behavior of chiral gold (7,3) nanowires (NWs) in comparison
with various other chiral and achiral 1D gold nanostructures as the principal
leads to form stable single-molecule junctions. For σ-saturated alkane chains, we
find that the contact potential barriers vary widely with the achiral leads but
not with the chiral ones, although a close resemblance exists in the tunneling
constants. Lower energy gaps for single-molecule junctions with Au(7,3)NWs
ensure better electronic conductance even after allowing for the low thermal loss,
due mainly to the close-packed arrangements of atoms with minimum wire ten-
sion. Our first − principles quantum transport analysis further suggests that
chiral Au(7,3)NWs render higher electronic conductance than chiral gold (5,3)
nanotubes (NTs), once bridged by either σ-saturated or pi-conjugated molecu-
lar moieties. It, however, turns out that asymmetricity in the characteristics of
channel formation at the lead-molecule contact remains often associated with
chiral Au(7,3)NWs only.
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1. Introduction
Recent years have seen a sizeable amount of study on one-dimensional (1D)
nanostructures in the form of nanotubes (NTs) and nanowires (NWs), primarily
because of their potential applications in nanodevice technology [1, 2, 3, 4, 5,
6, 7, 8, 9, 10]. Among these, chiral nanostructures continue to garner inter-
est due especially to their characteristic helicity that often displays the ability
to control the physical properties in somewhat more flexible way. From con-
formational point of view, achiral nanostructures possess mirror planes while
chiral nanostructures display no mirror symmetry but have glide planes. Mag-
netoelectronic properties are often found to be quite sensitive to chirality [1],
apart from the band-related differences like band symmetry and band spacing
between chiral and achiral carbon nanotubes (CNTs). Further, the impurity
concentration and curvature effect turn out to be much stronger in chiral CNTs
than in achiral ones[2].
Although a major focus has remained for quite some time on developing CNT
based field effect transistors (CNT-FETs) in a robust way, metallic nanotubes
and nanowires have also received much attention[4, 5, 6, 7, 8, 9] in the process.
The underlying lattice for a gold nanotube is a 2D triangular network with
one atom per unit cell, in contrast to a CNT that has a hexagonal framework.
Another important difference is that gold nanotubes, unlike CNTs, always dis-
play metalicity due to its unique electronic nature. Using a tight-binding spiral
model, Yevtushenko et al [9] have demonstrated that electronic transport may
get affected considerably by the interplay between chirality and nonlinearity in
a chiral CNT. However, the works by Manrique et al [10] reveal that like in
CNTs, chiral currents are also oscillatory functions of energy in Au(5,3)NTs,
but the magnitude of chiral currents are much larger in the latter. The first
experimental observation of chiral Au(5,3)NT based nanobridges was reported
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by Oshima et al [4]. Later, Senger et al [6] predicted that such conformation
would possess a magic size[5, 6] in respect of its minimum wire tension. We
have recently shown that chiral Au(5,3)NTs can form stable single-molecule
junctions having similar conductance as achiral Au(100)NWs[11]. In this work,
we intend to address how the metallic chirality, as shown in Fig. 1, may af-
fect the electronic transport in respect of achiral counterparts while forming a
single-molecule junction.
2. Computational methods
Several two probe junctions formed by leads of chiral as well as achiral
symmetry were constructed being abridged by either a σ-saturated alkane chain
of varying length or a pi-conjugated benzene ring. Leads were also chosen as
either gold nanotubes (AuNTs) or gold nanowires (AuNWs) having chiral or
achiral character. All these leads were pre-optimized using the densiy functional
theory (DFT) before the formation of respective two probe junctions. The
lattice parameters along the x and y directions were maintained at a minimum
of 24 A˚ to allow for sufficient isolation during the 1D relaxation. The optimized
lattice constant along the z direction in the unit cell turns out to be 4.08, 7.06,
20.73 and 28.55 A˚ respectively for Au(100)NW, Au(111)NW, Au(5,3)NT and
Au(7,3)NW based leads. The number of atoms in the respective unit cell varies
from as minimum as 9 for achiral Au(100)NW to as maximum as 85 for chiral
AU(7,3)NW. The molecular moieties in all these heterojunctions were optimized
within a force tolerance limit of 0.05eV/A˚, with a basis of linear combination of
atomic orbitals (LCAO), as implemented in the SIESTA package[12].
For the transport calculations, we employed the non-equilibrium Greens
functions (NEGF)[13, 14, 15] formalism by utilizing non-orthogonal localized
double−ζ basis sets, while core electrons were treated by norm-conserving pseu-
dopotentials. In our NEGF-DFT calculations[16, 17, 18, 19], the density mesh
cutoff was set to 200 Ry and the k-point sampling grid was chosen as 1×1×400.
The exchange and correlation were handled within the generalized gradient ap-
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proximation (GGA) based on the revised Perdew, Burke, and Ernzerhof (rPBE)
functional[20]. The transmission probability, T (E, Vb), at a given energy (E) and
bias (Vb), can be obtained from the generalized Landauer theory[21] as
T (E, Vb) = Tr[ΓL(E)G
r(E)ΓR(E)G
a(E)] (1)
Where Gr(a) denote the retarded (advanced) Greens functions of the scattering
region and ΓL(R) = =
∑r
L(R)(E) −
∑r†
L(R)(E) signify the line widths due to
the coupling of the molecule,
∑r
L(R)(E), with the left (L) and right (R) leads,
as determined from the unperturbed lead Greens functions. The conductances
were obtained from the transmission at the Fermi level such that G = G0
∑
i Ti,
where G0 is the conductance quantum[21] while Ti refers to the eigenvalue of
the i-th eigenchannel.
3. Results and discussion
From the bandstructure analyses, we know that Au(5,3)NT and Au(7,3)NW
possess respectively five and six available channels[6] for conduction leading to
the electronic conductance values of 5G0 and 6G0. The fact that the num-
ber of helical strands in Au(7,3)NW exceeds that of Au(5,3)NT leads to better
conductance in the former [see Table 1]. However, when these 1D nanostruc-
tures, acting as leads, form single-molecule junctions with the same active el-
ement, appreciable diversity crops up in the behavior of electron transmission.
Even as the length of the alkanedithiol [ADT,HS − (CH2)N − SH] molecular
chain increases, the resonant transmission peaks undergo noticeable reduction
in amplitude in case of Au(5,3)NTs, working as leads (see Fig. 2). Further,
Au(100)NW provides the high conductance (HC) while Au(111)NW, the low
conductance (LC) values even for the increasing molecular length, which is in
tune with our previous work [22]. In contrast, 1D gold chiral nanostructures,
irrespective of being NTs or NWs, exhibit only HC in alkanedithiol SMJs. As
Table 1 suggests, our calculated HC and LC values auger well with the available
experimental data.
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From Fig. 2(a-d), we find that the transmission peak for achiral Au(100)NW
based SMJs at -0.22 eV remains strong even as the length of the alkanedithiol
molecular wire increases. It arises from the band edge states of Au(100)NW
leading to Fano resonance through quantum interference, mediated by the through-
bond as well as the through-space tunneling events[22]. However, the other peak
near the Fermi level at about -0.1 eV appears in the form of Breit-Wigner res-
onance due to effective coupling between the lead and the respective alkane
chain. Such coupling indeed varies as the lead topology and also, the molecular
conformation tend to differ. To understand this, we calculate the renormalized
molecular levels (RMLs) from the diagonalization of the self-consistent Hamil-
tonian projected on the molecular moiety[13]. A similar trend is observed for
achiral Au(111)NW based SMJs as well at, however, different electronic en-
ergies. A transmission peak would arise whenever there is an available state
of similar orbital character in the leads, which can interact with the RMLs
in order to yield the resonance. As exhibited in Fig. 2(e-h), the two reso-
nant transmission peaks near the Fermi level for chiral Au(5,3)NT based SMJs
at respectively -0.1 and -0.2 eV disappear as the number (N) of the methy-
lene groups increases beyond N=6. This is because the lead-molecule coupling
gets weakened abruptly with the increase in the molecular length. Contrary
to it, the resonant transmission peak at about -0.06 eV, associated with chiral
Au(7,3)NW based SMJs, remains prominent even up to N=10, though gets re-
duced as usual in amplitude. However, the primary lead-molecule interaction
in all these heterojunctions has pi character, stemming from the px orbital of S
linkers and the dxz orbital of Au adatoms. Contour plots in the inset of Fig. 3
for the local density of states (LDOS) at the Fermi level imply quantum tun-
neling as the principal mechanism of charge transport in the chiral Au(7,3)NW
system as well. The through-space tunneling strength[22, 26] begins to weaken
as the tunneling length expands because of the exponential behavior in the elec-
tronic conductance (G) with the increasing molecular length (L), as described
by GG0 = AGexp(−βLL), where βLrefers to the tunneling decay parameter and
lnAG, the intercept. From the plot of natural logarithm of electronic conduc-
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tance versus molecular length for a set of alkanedithiol SMJs associated with
1D gold chiral and achiral nanostructures, as shown in Fig. 3, it is apparent
that chiral nanoleads yield the high conductance (HC), while achiral ones out
of Au(111)NW are only responsible for the low conductance (LC). As we see
in Table 2, the tunneling decay parameter does not depend much on chirality
though the intercepts as well as the contact resistance vary a lot. To further
analyze the contact properties, we calculated the contact decay constant (βC)
and also, the contact potential barrier height (φC), according to Ref. 27. It
turns out that the available experimental values corroborate often to the chiral
systems only, as far as the contact properties are concerned[27].
Table 2: A comparative study of the decay constant (βL), the intercept (lnAG), the contact
conductance (GC), the contact decay constant (βC) and the contact potential barrier height
(φC) for various achiral as well as chiral single-molecule junctions, as obtained from our
first-principles analysis. The available experimental data,associated with Au clusters being
the leads, are also listed.
Contact properties Achiral Chiral Au cluster (Exp.)
Au(100)NW[22] Au(111)NW[22] Au(5,3)NT Au(7,3)NW
βL(A˚
−1) 1.1 0.9 1.0 0.9 0.84±0.04[28]
InAG -0.10 -2.78 -0.47 -0.46 -0.43[28]
GC(G0) 1.11 0.062 0.62 0.63 0.65[28]
βC(A˚
−1) 0.023 0.63 0.1 0.1 0.115±0.035[27]
φC(eV ) 0.001 0.39 0.01 0.01 0.01[27]
We further examine the behavior of charge transport in single-molecule junc-
tions with respect to the benzenedithiol (BDT) molecule. As Fig. 4(a-d) shows,
the electronic conductance increases manifold, in sharp contrast to alkanedithiol
SMJs, irrespective of the lead chirality. Such enhancement occurs because of the
channel enhancement with the availability of pi-conjugated molecular orbitals.
It is further evident from the respective transmission eigenstates having the iso-
value of 0.4, associated with the principal resonant peaks near the Fermi level.
The large width in the transmission peaks of achiral Au(100)NW based SMJs
signify the onset of strong lead-molecule coupling while such coupling appears to
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be weaker with chiral systems. From Fig. 4(c), the single resonant peak at the
lowest unoccupied molecular orbital (LUMO) of the chiral Au(5,3)NT based
SMJs implies the LUMO-mediated electron transmission. On the other hand,
at the highest occupied molecular orbital (HOMO) of the chiral Au(7,3)NW
based SMJs signifies the HOMO-mediated transmission, as indicated in Fig.
4(d). However, in all these heterojunctions, σ channel appears to be better
coupled through dz2 orbital of the Au adatoms.
4. Conclusions
We have demonstrated from first−principles the charge transport behavior
in various stable single-molecule junctions, made up of chiral as well as achiral
leads at the nanoscale. Apparently, there lies a considerable difference in the
transmission pattern when a single molecule is trapped between leads of diverse
topology in forming a break junction. While single-molecule junctions with
chiral leads like Au(5,3)NTs and Au(7,3)NWs give a close resemblance to those
with achiral leads like Au(100)NWs in the length dependence of electronic con-
ductance, the contact potentials differ appreciably from chiral to achiral hetero-
junctions and sometimes, even within achiral systems as well. For σ-saturated
alkane chains, Au(7,3)NWs give rise to higher electronic conductance with asym-
metric lead-molecule contact than Au(5,3)NTs that display rather symmetric-
ity in the pi-channel formation. On the other hand, single-molecule junctions
having pi-conjugated molecular moieties bridging Au(5,3)NTs render lower elec-
tronic conductance out of the LUMO-mediated transmission than those linking
Au(7,3)NWs as leads following the HOMO-mediated one, though with strong
σ-channel coupling. Understanding the charge transport mechanism of stable
single-molecule junctions having chirality features at the nanoscale leads can
potentially help develop molecular switching and artificial nanomotors, much of
which exist still at the laboratory level only.
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Figure 1: (a) The underlying 2D triangular lattice having basis vectors a1 and a2, cylindrical
folding of which caters to 1D gold (m,n) chiral nanostructures with radius of (m2 + n2 −
mn)1/2|a1|/2pi. Top (left side) and lateral view (right side) for freestanding chiral structures
of (b) Au(5,3)NT, (c) Au(7,3)NW, (d) Au(100)NW and (e) Au(111)NW. The contour plots
for electron density of (f) Au(5,3)NT, (g) Au(7,3)NW, (h) Au(100)NW and (i) Au(111)NW
with top as well as lateral view in the same order. The charge density appears to be minimal
at the center of Au(5,3)NT, while it is strong in case of Au(7,3)NW, due to presence of the
central strand in the latter.
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Figure 2: The transmission profile for various alkanedithiol [ADT,HS − (CH2)N − SH]
single molecule junctions, where the respective molecular moiety bridges either with (a-d)
achiral leads of Au(100)NWs and Au(111)NWs or with (e-h) chiral leads of Au(5,3)NTs
and Au(7,3)NWs. The molecular chain under study comprises (a,e) butanedithiol, (b,f) hex-
anedithiol, (c,g) octanedithiol and (d,h) decanedithiol. The arrows indicate the first interact-
ing states of the similar orbital character from the leads with the renormalized molecular levels
(RMLs) of the junction molecule. The transmission eigenstates associated with the resonant
peak near the Fermi level are shown for comparison with respect to different lead topology.
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Figure 3: Logarithm of electronic conductance versus molecular length for the chiral
Au(5,3)NT (orange) and Au(7,3)NW (blue) based single-molecule junctions (SMJs) compared
to that for the achiral Au(100)NW (green) and Au(111)NW (magenta) based ones. The solid
lines refer to the exponential decay in the electronic conductance of SMJs as a function of the
molecular length. The horizontal dashed lines demonstrate the similarities in the conductance
values for SMJs with different lead structures of varying length. In the inset are shown the
contour plots of self-consistent local density of states (LDOS) for chiral Au(7,3)NW based
SMJs with the increase in the number (N) of the methylene groups, CH2, in the alkanedithiol
chain.
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Figure 4: A comparative study of the electronic transmission behavior for various pi-conjugated
benzenedithiol single-molecule junctions formed by a set of (a-b) achiral and (c-d) chiral
nanoleads. The transmission eigenstates having the isovalue of 0.4, associated with the prin-
cipal resonant peaks near the Fermi level are also shown.
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